Developing soybean (cv. Dare) cotyledons harvested at 30 days after flowering were pulse-labeled with II-'4Cloleoyl-CoA. The metabolic interrelation of radiolabeled unsaturated fatty acids between the major glycerolipid classes was determined at various time intervals. At chase time zero, 1I4CIoleic acid accounted for 99.2% of the total glycerolipid radioactivity, and phospholipids contained 92% of the total incorporated radioactivity. With time, phospholipids were metabolized in triacylglycerol biosynthesis and radioactivity was detected in polyunsaturated fatty acids. The hypothesis that phospholipids were metabolc intermediates in polyunsaturated fatty acid biosynthesis was tested by comparing the theoretical and the actual amount of radiolabeled oleic acid that was associated with triacylglycerol as a function of time. The radioactive oleic acid found in triacylglycerol at various intervals was derived from phospholipids via a diacylglycerol intermediate. Assuming no phospholipid desaturation, the potential or theoretical amounts of 1j4Cjoleic acid that could be transferred to triacylglycerol from phospholipids was defined by a system of differential equations. The results demonstrated that the decline in 114CIoleic acid from phospholipid after long chase intervals was equal to the total amount of radioactive unsaturated fatty acids found in neutral lipids. The difference between the theoretical and actual amounts of It4CIoleic acid present in triacylglycerol after long time intervals was equal to the amount of radioactivity present in polyunsaturated fatty acids. Based upon those findings in soybeans, the desaturation of oleic acid associated with phospholipids was highly probable.
1I4CIoleic acid accounted for 99.2% of the total glycerolipid radioactivity, and phospholipids contained 92% of the total incorporated radioactivity. With time, phospholipids were metabolized in triacylglycerol biosynthesis and radioactivity was detected in polyunsaturated fatty acids. The hypothesis that phospholipids were metabolc intermediates in polyunsaturated fatty acid biosynthesis was tested by comparing the theoretical and the actual amount of radiolabeled oleic acid that was associated with triacylglycerol as a function of time. The radioactive oleic acid found in triacylglycerol at various intervals was derived from phospholipids via a diacylglycerol intermediate. Assuming no phospholipid desaturation, the potential or theoretical amounts of 1j4Cjoleic acid that could be transferred to triacylglycerol from phospholipids was defined by a system of differential equations. The results demonstrated that the decline in 114CIoleic acid from phospholipid after long chase intervals was equal to the total amount of radioactive unsaturated fatty acids found in neutral lipids. The difference between the theoretical and actual amounts of It4CIoleic acid present in triacylglycerol after long time intervals was equal to the amount of radioactivity present in polyunsaturated fatty acids. Based upon those findings in soybeans, the desaturation of oleic acid associated with phospholipids was highly probable.
For the past decade, the mechanism of polyunsaturated fatty acid biosynthesis in plant tissues has been a subject for debate. An important issue of that debate has been the nature of the substrate for the 18:12 desaturase system. In one opinion, the thio-ester theory, the reaction, was described as a consecutive desaturation (5, 10, 11) . In addition, a soluble phospholipid desaturase has been isolated from rat liver (11) . Until recently (17) , evidence for the phospholipid desaturase mechanism in higher plant tissues has been less than convincing (3, 12, 13, 15, 16) . In studies with higher plants, proponents (7, 18, 21) . No evidence was found to support the desaturation of 18:2-PC to 18:3-PC in leaf tissues (2, 7, 8, 18, 21) . Rather, it seemed that in those investigations glycolipids rather than phospholipids were involved in polyunsaturated fatty acid biosynthesis. Furthermore, experiments with germinating soybeans and greening cucumber cotyledons suggested the operation in those tissues of an active and stereospecific acyltransferase system (6, 9, 19, 21 after removal of the labeled substrate. The ki rate constant was determined from the slope ofthe exponential decay curve observed for phospholipid radioactivity. The k2 rate constant was determined from the equation, k2 = k1 (Ao)/B, where B is the radioactivity present in DG when dB/dt = 0. Levels of radioactivity also were monitored in the H20-soluble fraction of the Bligh and Dyer-type extraction and in free fatty acid from the TLC separation of lipid classes. The entire experiment was conducted twice. Analyses were performed three times on each sample. Mean values were reported.
RESULTS
At 30 days after flowering, soybean cotyledons contained: 8.2 ± 0.4 t&mol phospholipid, 1.4 ± 0.1,umol DG, and 37.3 ± 2.2 ,umol TG, respectively/g tissue fresh weight. The radioactivity accrued in those glycerolipid classes during a pulse-chase incorporation of 18: 1-CoA was reported in Table I . At chase t = 0, phospholipids accounted for 92% of the incorporated radioactivity. Thereafter, the level of phospholipid radioactivity declined exponentially. The total glycerolipid radioactivity, however, was constant for the duration of the chase, averaging 459.7 ± 2.0 pmol/g fresh weight.
The decline in phospholipid radioactivity was counter-balanced by a concomitant increase in TG radioactivity. The theoretical amount of incorporated radioactivity (Ct) expected to be present in TG at a given time interval was determined (Table I) (Table I) revealed that the two data sets were not significantly different. Hence, the model (equation 1) was acceptable under the experimental conditions used.
The radiochemical components of the glycerolipid molecules were exclusively unsaturated fatty acids (Table II) The derived values for C, at each time interval were listed in (Figs. 4-6 ) indicated that at peak radioactivity PC contained the greatest amount of each radiolabeled unsaturated acyl group within the total phospholipid fraction. However, loss of 18:1 was detected from PA and PE before PC. With the exception of PA, the accumulation of polyunsaturated fatty acids in the various phospholipids proceeded at similar rates initially after chase t = 0. These data supported previous reports that in plant tissue PC was not a specific phospholipid substrate for 18:1 desaturation. Apparently the desaturation reaction involved a number of different phospholipids in developing soybean cotyledons.
DISCUSSION
The biochemical mechanisms utilized in the synthesis of polyunsaturated fatty acids in plant tissues probably will remain in question until the proposed enzyme systems have been isolated and purified. A number of investigations, conducted primarily with oilseeds, have demonstrated the apparent desaturation of 18: 1 associated with phospholipids and accumulation of the polyunsaturated acyl products in TG via a DG intermediate (4, 9, 15-18, 20, 22 From the results, it was apparent that 18:1 incorporated into glycerolipids could be desaturated to 18:2 and 18:3 by developing soybean cotyledons. The acyl-transfer of labeled fatty acids between glycerolipids and a non-glycerolipid-desaturase system was unlikely because the total glycerolipid radioactivity remained constant throughout the experiment. In addition, the finding that PC was not the only polar lipid involved in the desaturase reaction was consistent with previous reports (6, 11, 14, (18) (19) (20) 22) .
This work, however, has not discounted the existence of other desaturase mechanisms in soybeans. Presumably, only the snand sn-2 acyl units of TG were derived from the radiolabeled phospholipids. Because [14Clacyl-CoA intermediates were not detected in the tissues after long chase intervals, the probability that the acyl units incorporated at the sn-3 position were unlabeled was very high. Hence, the origin of acyl groups esterified at the sn-3 position of TG was unaccounted for in these studies. It was highly probable that polyunsaturated fatty acids were present at the sn-3 position of TG. Thus, an argument could be made for an independent acyl-CoA desaturase system in soybean cotyledons. Ster 
